Chapter 1

Introduction
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The U.S. Environmental Protection Agency (EPA) established the Clean Air Status and
Trends Network (CASTNet) to provi(le data for (ietermining relationships between emissions,
air quality, (leposition, and ecological effects. The network was mandated })y the 1990 Clean
Air Act Amendments (CAAA) to determine the effectiveness of promulg’ated emission
reductions. CASTNet's o]:)jectives are to define the geog'raphic distribution of pollutants and
atmospheric deposition, detect and quantity trends in pollutants and (ieposition, and provi(le

data on the (lry deposition component of acid deposition and g’roun(l-ievel ozone

concentrations. This report summarizes CASTNet monitoring activities and the resulting’

concentration and deposition data for 2002.

Overview

CASTNet originated from the CAAA, which
mandated significant reductions in sulfur
dioxide (SO,) and nitrogen oxide (NOy)
emissions from electric generating plants.
Congress recognized the need to track real-
world environmental results as the emission
reductions were implemented. As a result, the
CAAA also formalized the establishment of a
nationwide network for monitoring air quality
and acid deposition. To meet this monitoring
objective, the EPA established CASTNet,
which has since evolved into a robust, national,
long-term monitoring program that measures
changes in air quality and atmospheric
deposition over broad geographic regions of the
United States. The primary objectives for
CASTNet are to:
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@ Monitor the status and trends in regional
air quality and atmospheric deposition;

@ Provide information on the dry
deposition component of total acid
deposition, ground-level ozone (O,),

and other forms of atmospheric gaseous

and aerosol pollution; and

@ Assess and report on geographic patterns

and long-term, temporal trends in
ambient air pollution and acid
deposition.

CASTNet is the nation’s primary source of
atmospheric data on the dry deposition
component of total acid deposition, rural
ground-level ozone, and other forms of
atmospheric pollution.



Table 1-1. Network Summary Table
CASTNet Air Quality Network

Initiated

Number of Sites

(as of December 2002)
Sponsoring Federal Agencies

Sampling Schedule
Ambient Measurements

Meteorological Measurements
(as hourly averages)

Information on Land Use
and Vegetation

Trends
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1986*
87 (84 standard sites, 2 collocated sites, and 1 day/night site)

EPA-54 sites
NPS-30 sites
7-day (168 hours) Tuesday to Tuesday
Gaseous:
sulfur dioxide (SO,)
nitric acid (HNO,)
ozone (O,)
Particulate:
sulfate (SO?)
nitrate (NO;)
ammonium (NH)
calcium (Ca™")
sodium (Na")
magnesium (Mg”")
potassium (K )
Temperature at 9 meters
Delta Temperature between 2 and 9 meters
Solar Radiation
Relative Humidity
Precipitation
Scalar Wind Speed
Vector Wind Speed
Wind Direction
Standard Deviation of Wind Speed within the hour
(Sigma Theta)
Rate of Flow through the Filter Pack
Surface Wetness
Site Surveys
Site Operator Observations
Vegetation Type
Percent Green Leaf Out
Leaf Area Index (LAI)
Concentrations of Sulfur and Nitrogen Species and Cations
Deposition of Sulfur and Nitrogen
Ozone Concentrations

*  The National Dry Deposition Network (NDDN) was established in 1986 and field measurements began in 1987.
With the passage of the Clean Air Act Amendments of 1990, NDDN was entirely subsumed by CASTNet in mid-

1991.
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The National Park Services (NPS) is
responsible for the protection and enhancement
of air quality related values in national parks
and wilderness areas. Consequently, NPS
established air quality monitoring stations as
part of its air quality program. In 1994 NPS and
EPA entered into a partnership agreement to
operate CASTNet sites. As of the end of 2002,
NPS sponsored 30 sites in CASTNet. NPS and
EPA are responsible for operating their sites
under a common set of quality assurance (QA)
standards and similar monitoring and data
validation protocols. The measurements from
the NPS sites are merged into a single database
and delivered to EPA.

CASTNet operates in partnership with other
rural long-term monitoring networks such as
the National Atmospheric Deposition Program /
National Trends Network (NADP/NTN).
Together these networks allow for a regional
assessment of total (dry + wet) acid deposition
throughout the United States. EPA relies on
these long-term monitoring networks to
generate the data and information used to
assess the effectiveness of national air pollution
control efforts under several different
mandates, including Title IX of the CAAA, the
National Acid Precipitation Assessment
Program (NAPAP), the Government
Performance and Results Act, and the United
States - Canada Air Quality Agreement.

The principal component of CASTNet is the
measurement of atmospheric sulfur and
nitrogen pollutants and cations at rural sites
across the United States. In addition, nearly all
CASTNet sites include continuous
measurements of O, concentrations and
meteorological conditions together with
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CASTNet is the principal source of

information on dry deposition
throug’hout the United States. Dry
deposition is a component of acidic

deposition, which occurs when emissions
of SO, and NO, react with particles ;

water droplets , OXygen, and oxidants to
form acidic compounds. Dry deposition
represents a variety of meteorolog‘ical,
chemical, and Liological processes that
transport and deposit these acidic
compounds to the environment. Wet
deposition occurs when precipitation
removes the acidic compoun(ls from the
atmosphere and (].eposits them to the
environment. CASTNet provi(].es
information on trends in dry, wet, and
total deposition of atmosp}leric sulfur
and nitrogen species.

supporting information on vegetation and land
use (Table 1-1).

The meteorological, vegetation, and land use
data are used as input to the Multi-Layer Model
(MLM), a mathematical model that simulates
atmospheric dry deposition processes (Meyers
et al., 1998; and Finkelstein et al., 2000). The
MLM is used to calculate deposition velocities
(V,), which are combined with the
concentration measurements to estimate dry
deposition of gaseous and aerosol pollutants.

Prior to CASTNet, EPA operated the National
Dry Deposition Network (NDDN), which
began operation in 1986. NDDN operated
approximately 50 sites that became the core
CASTNet sites when the NDDN was
incorporated into CASTNet in 1991. NDDN
also estimated dry deposition using measured
air pollutant concentrations and modeled V..



This report summarizes the results of CASTNet
measurements collected during 2002 and
includes the following: annual and quarterly
mean concentration data for atmospheric
gaseous and particulate sulfur and nitrogen
species and particulate cations along with an
analysis of trends in annual concentrations over
the period 1990 through 2002; estimates of dry,
wet, and total deposition and their trends over
the 13-year period; rural, ground-level ozone
data for 2002 and trends over the 13 years; and
an assessment of data quality. All CASTNet
measurements are based on standard
temperature and pressure (STP). However, for
reporting purposes, the CASTNet filter data
have been converted to local conditions in this
report (Chapter 5). Previous CASTNet Annual
Reports for the years 1998 - 2001 can be found
on the EPA web site:
www.epa.gov/castnet/library.html.

Network Description

The locations of CASTNet sites as of
December 2002 are shown in Figure 1-1.
Eighty-four sites were operational. All sites
were equipped with filter packs for
measurement of pollutant concentrations and
estimation of dry deposition. Eighty-two sites
measured O,, although two solar-powered sites
in New York and Vermont had only sporadic
data capture and only during the ozone season.
Collocated sampling systems were operated at
two dry deposition sites for the purpose of
estimating network precision. Collocated
systems were operated at Mackville, KY
(MCK131/231, KY) and at Rocky Mountain
National Park, CO (ROM206/ROM406, CO).
The two national park sites are operated
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independently. ROM206 is operated on behalf
of EPA and ROM406 on behalf of NPS.
Appendix A provides the location and
operational characteristics of each site by state,
including information on start date, latitude,
longitude, elevation, and the types of
measurements taken at each site.

NADP/NTN operated wet deposition sampling
systems at 15 EPA-sponsored and 30
NPS-sponsored CASTNet sites. This effort
included analysis and reporting of precipitation
chemistry samples. NADP/NTN also operated
wet deposition sampling systems at other
locations near virtually every CASTNet site.
The NADP/NTN database represents the
primary source of information on wet
deposition across the United States. The
combination of CASTNet and NADP/NTN
data provides information on total (dry + wet)
deposition. More information about
NADP/NTN may be found on their web site:
http://nadp.sws.uiuc.edu.

CASTNet operated eight visibility (PM, s) sites
beginning in 1993 and ending in 2001. The
CASTNet PM,; s sampling systems were
replaced by Interagency Monitoring of
Protected Visual Environments (IMPROVE)
systems. Six of the eight sites were collocated
with dry deposition sites. The other two sites
were operated on behalf of IMPROVE with no
additional measurement systems. IMPROVE
systems were also operated at 29 of the 30
NPS-sponsored CASTNet sites. Information
about IMPROVE can be found on their web
site: http://vista.cira.colostate.edu/improve/.
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Figure 1-1. CASTNet Sites as of December 2002
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Both EPA-sponsored sites and NPS-sponsored
sites operate O, analyzers. CASTNet QA
procedures for the EPA O, analyzers are
different from the EPA requirements for State
and Local Monitoring Stations (SLAMS)
monitoring as described in 40 CFR Part 68,
Appendix A (EPA, 1998). On the other hand,
the QA procedures for the O, analyzers at NPS
sites meet the SLAMS requirements.
Consequently, O, data from EPA-sponsored
sites cannot be used to gauge compliance with
National Ambient Air Quality Standards
(NAAQS) for ozone. The operation of two
independent, collocated O, analyzers at
ROM206/406 provides an opportunity to
evaluate the precision of the two systems that
are operated with different QA and quality
control (QC) procedures. The results from the
collocated O, sampling during 2002 show a
mean absolute relative percent difference
(MARPD) between the two data sets of

4.43 percent. This result demonstrates that the
O, measurements are essentially equivalent.
Based on the CASTNet siting criteria, the O,
measurements are generally considered
regionally representative, and therefore, able to
define geographic patterns of rural ozone
across most of the United States. These data are
appropriate for use in establishing general
status and trend patterns in regional O, levels
and for making general statements regarding
the extent to which rural areas exceed the
concentration levels mandated by the NAAQS.

One of the CASTNet sites is located in Egbert,
Ontario, Canada (EGB181, ON). At this site,
three sampling systems were operated on
behalf of EPA. One system measured weekly
daytime (0800 to 2000) concentrations and one
system operated weekly nighttime (2000 to
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0800) concentrations. The third system was a
standard weekly CASTNet filter pack. These
systems provide the means to compare results
from CASTNet with the Canadian Air and
Precipitation Monitoring Network (CAPMoN).
CAPMOoN collects daily filter samples using the
same measurement methods. The CASTNet
data also provide information to gauge
differences in the weekly concentrations versus
the separate daytime/nighttime values and also
to investigate uncertainties in dry deposition
estimates. O, is not measured by EPA at
Egbert.

Table 1-2 summarizes significant operational
events and decisions for 2002. More details on
the history of the network can be found in
previous annual reports.

Five new sites were added to the network
during 2002. New sites were established at
Konza Prairie, KS (KNZ184, KS), Stilwell, OK
(CHE185, OK), Huntington Wildlife Forest,
NY (HWF187, NY), Mammoth Cave National
Park, KY (MAC426, KY), and Petrified Forest
National Park, AZ (PET427, AZ). The first
three sites are sponsored by EPA and the last
two by NPS. Other agencies are also
cooperating with EPA with the operation of the
three sites. Site operators and site logistics are
provided by the Long Term Ecological
Research (LTER) Program for KNZ184, by the
Cherokee Nation for CHE185, and by the State
University of New York (SUNY) for HWF187.



Table 1-2. 2002 Significant Operational Events

January
Photographic documentation of the sites began.

Revision 0.0 of the CASTNet QAPP officially
approved by EPA.

Fe])ruary

Mr. Kemp Howell assumed the role of Project Manager
for CASTNet.

New junction boxes designed to reduce faulty
connection problems installed at R.M. Young sites.

March

Nephelometer operation at QAK 172, OH transferred to
IMPROVE.

KNZ184, KS became operational.

April

CHEI185, OK became operational.

Data Quality Objectives Process Overview submitted.
Site designation for Hoxeyville, MI changed from
HOX149 to HOX148.

Day/night sampling at Egbert, Ontario renamed
EGB281 to indicate collocation.

May

Stainless steel dust screens installed on humidity
sensors at R.M. Young sites.

HWF187, NY became operational.

Finalized and distributed CASTNet Quality
Management Plan (QMP).

June

Five Data Operations SOP approved.

CDMSA demonstrated to EPA

July

A “floor-to-ceiling” audit of CASTNet property
conducted by EPA and the Defense Contract
Management Agency at MACTEC’s Gainesville, FL
location.

NPS site MAC426, KY became operational.

Plant speciation profiles for nine NPS sites and two
EPA sites added to the CASTNet database for inclusion
in deposition simulations by the Multi-Layer Model.

August

Last CASTNet-sponsored nephelometer discontinued at
CDZ171, KY.

Septemloer

NPS site PET427, AZ became operational.

October

MACTEC upgraded the CASTNet server from Novell®
NT Server 4.0™ to Windows® 2000.

Version 0.01 of the CASTNet QAPP distributed.

MACTEC Engineering and Consulting, Inc. became
the official name of Harding ESE.
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Methods

Methods employed by CASTNet were
described in the CASTNet Quality Assurance
Project Plan (QAPP) (Harding ESE, 2001) and
previous annual reports. This section
summarizes information on field operations;
laboratory operations; methods of data analysis,
including discussion of the MLM, flux
calculation and aggregation procedures, and
reference sites used in the trend analyses; and
the CASTNet database.

Figure 1-2. Diagram of Three-Stage Filter
Pack

WO
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Field Operations

Meteorological variables and O, concentrations
were recorded continuously and reported as
hourly averages. Atmospheric sampling for
sulfur and nitrogen species was integrated over
weekly collection periods using an open-face,
three-stage filter pack (Figure 1-2). In this
approach, particles and selected gases were
collected by passing air at a controlled flow
rate through a sequence of Teflon”, nylon, and
Whatman filters. The Teflon® filter removed
particulate SO%, NO;, NH, and certain cations;
and the nylon filter removed HNO,. The



Whatman filter, a cellulose fiber base
impregnated with potassium carbonate
(K,CO,), removed SO,. Two Whatman filters
were used. In practice, a fraction (usually
<20%) of ambient SO, is captured on the nylon
filter as SO?. The nylon filter SO, and
Whatman filters SO, (as SO?) were summed to
provide weekly average concentrations. The
nylon filter HNO, was converted to NO; and
added to the NO; collected on the Teflon® filter
to provide weekly total NO; concentrations.

Filter packs were prepared and shipped to the
field weekly and exchanged at each site every
Tuesday. Filter pack sampling and O,
measurements were performed at 10 meters (m)
using a tilt-down aluminum tower. Filter pack
flow was maintained at 1.50 liters per minute
(Lpm) at sites having higher concentrations of
analytes (generally eastern sites) and 3.00 Lpm
for sites with lower concentrations (generally
western sites) for standard conditions of

25 degrees Celsius (°C) and 760 millimeters
(mm) of mercury (Hg) with a mass flow
controller (MFC).

Ambient O, concentrations were measured via
ultraviolet (UV) absorbance. Zero, precision
[90 parts per billion (ppb)], and span (400 ppb)
checks of the O, analyzer were performed
every Sunday using an internal O, generator.

Each CASTNet site employed meteorological
equipment to measure temperature, delta
temperature, relative humidity, solar radiation,
scalar and vector wind speed, sigma theta,
surface wetness, and precipitation. CASTNet
meteorological measurements are described in
the QAPP (Harding ESE, 2001). The data were
archived as hourly averages.
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All field equipment was subjected to
semiannual inspections and multipoint
calibrations using standards traceable to the
National Institute of Standards and Technology
(NIST). Results of field calibrations were used
to assess sensor accuracy and flag, adjust, or
invalidate field data. In addition, audits were
performed every other year by Air Resource
Specialists, Inc. (ARS). Results of 2002 QA
activities and an assessment of data quality are
discussed in Chapter 6.

Laboratory Operations

Filter pack samples were loaded, shipped,
received, extracted, and analyzed by MACTEC
Engineering and Consulting, Inc. (MACTEC)
personnel at the Gainesville, FL laboratory.

Upon receipt the filters were placed in
appropriately labeled bottles that serve as both
extraction and storage containers for the
extracts and extracted filters. Prior to analysis,
Teflon® filters were extracted in deionized (DI)
water with a shaking before and after
sonication. The extraction bottles were then
stored were then stored for eight hours at 4 °C.
The Teflon® extracts were analyzed for SO7,
NO;, NH,, Ca”, Na", Mg”’, and K. Nylon
filters were extracted in a DI water solution
containing 0.17 percent hydrogen peroxide and
0.30 percent of 2N NaOH. The nylon filter
extraction bottles containing the filters and
extracts were shaken and then stored for eight
hours at 4 °C prior to analysis. The nylon
extracts were analyzed for SO (reported as
SO,) and NO;. Whatman filters were extracted
in a DI water solution containing 0.17 percent
hydrogen peroxide and 0.25 percent
concentrated hydrochloric acid (HCI).
Extraction of the Whatman filters followed the
procedure used for Teflon® filters with a



shaking before and after sonication. Analysis
for SO} began after the extracts had been stored
for eight hours at 4 °C. The extracts were
analyzed for SO’ and NO; by ion
chromatography (IC); for NH, by the
automated indophenol method; and four cations
(Ca”™, Na', Mg”", and K ") using inductively
coupled plasma — atomic emission
spectroscopy (ICP-AES). All analyses were
completed within 72 hours of filter extraction.

Results of all valid analyses were stored in the
laboratory data management system [Chemical
Laboratory Analysis and Scheduling System
(CLASS™)]. Atmospheric concentrations were
then calculated based on the mass of each
analyte in each filter extract and the volume of
air sampled.

Methods of Data Analysis

Modeling Dry Deposition

The original network design was based on the
assumption that dry deposition or flux could be
estimated as the linear product of ambient
concentration (C) and Vy:

Flux =C x V_d

where the overbars indicate an average over a
suitable time period (e.g., 1 hour).

The influence of meteorological conditions,
vegetation, and chemistry is simulated by V.
Dry deposition processes are modeled as
resistances to deposition. A general form of the
resistance model is:

_ _ 1
R—&+&+&—/@
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R, signifies aerodynamic resistance or the
resistance to turbulent vertical transport; Ry, is
the boundary layer resistance to vertical
transport in a very shallow layer adjacent to the
surface; and R, is the canopy resistance or the
resistance to pollutant uptake by the vegetative
canopy. R, simulates several physical and
chemical processes. A resistance model
specific to the MLM is given in Figure 1-3.

A schematic of the MLM in Figure 1-3 shows
the relationships among the various resistances
and illustrates the meteorological and other
data that are required as model input. For
example, temperature, relative humidity (RH),
solar radiation (SR), and leaf area index (LAI)
data are required to calculate the stomatal
resistance, which is a component of the overall
canopy resistance. Similarly, wind speed and
sigma theta data are required to estimate the
aerodynamic resistance.

The MLM software code was updated in 2002
according to established version control
procedures (Harding ESE, 2001). The most
recent software is designated as Version 2.31.

The meteorological variables used to determine
R, and Ry, were obtained from the 10-m
meteorological tower at each of the sites, which
is normally located in a clearing over grass or
another low vegetative surface. Data on
vegetative species, LAI, and percent green leaf
out were obtained from site surveys and
observations by the site operator.

LAI measurements were taken during 1991,
1992, and 1997 at times of summer maximum
leaf out. Vegetation data for 11 sites were
added to the MLLM database in 2001. Data for



the three EPA-sponsored sites (KNZ184, KS;
CHE185, OK; and HWF187, NY) installed in
2002 were added to support the model
calculations presented in this report.
Additionally, the vegetation data for IRL141,
FL were updated. LAI values used in the MLM
were extrapolated from these measurements
and estimates using percent leaf out
observations. The resistance terms (R,, Ry, and
R.) were calculated for each chemical species
and major vegetation/surface type for every
hour with valid meteorological data. The V4 for
a site was then calculated as the area-weighted
V4 over vegetation types within 1.0 kilometer
(km) of the site.
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Deposition Flux Calculations and

Aggregations

Hourly deposition fluxes were calculated as the
product of the hourly V4 obtained from the
MLM and the corresponding hourly
concentration. Hourly concentrations were
obtained from the weekly filter pack results and
measured hourly O, concentrations; all hourly
concentrations during a filter pack sampling
period were assumed to be equal to the filter
pack sample concentration and constant for the
duration of the sample.

MIM calculations are not one-dimensional, but applie(l throug’h a Zo-layer canopy in which

model parameters are modified l)y the redistribution of heat, momentum, and pollutants.

Figure 1-3. Multi-Layer Model

Multi-Layer Model (MLM)

Flux = CxV, .
1/v, = +
d 1 1 1 Fa
+ +
rs+rb rcut+rb ra,soil+rsoil
r, = turbulence
I, i = turbulence near soil
r, = thin layer at surface r <« Wind Speed,
_ . a Sigma Theta
Iy, = cuticular
r, = stomatal
reo; = soil
Temp, RH,
SR, LAI
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Weekly deposition fluxes are the sum of the
valid hourly fluxes for a standard deposition
week, divided by the ratio of valid hourly
fluxes to the total number of hours in the
standard week to account for missing or invalid
values. A standard deposition week is defined
as the 168-hour period from 0900 Tuesday to
0900 the following Tuesday. For some weeks,
the filter pack sampling period did not
correspond exactly with the standard deposition
week, resulting in some deposition weeks being
derived from hourly concentrations from more
than one filter pack sample. A weekly
deposition flux is considered valid if it is
comprised of valid hourly values for at least

70 percent of the 168-hour week (i.e., 118
hours).

Similarly, quarterly fluxes are calculated from
weekly values, and are considered valid if they
are comprised of valid weekly values for
approximately 70 percent of the weeks during
the 13 week period. Also, the midpoint of the
sampling week had to occur within the quarter
to be included as part of the respective
quarterly average. Annual values are calculated
from quarterly values, and are considered valid
if they are comprised of at least three valid
quarters.

Quarterly and annual mean concentrations are
aggregated based on the same requirements as
the flux aggregations. However, the
concentrations are averaged while the fluxes
are summed.
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Reference Sites Used in Trend
Analyses

One of the major goals of CASTNet is to
monitor trends in air quality and deposition.
Figure 1-1 shows of the locations of the 34
eastern sites used to perform trend analyses of
pollutant concentrations from 1990 through
2002. The reference sites were selected using
criteria similar to those used by EPA in its
National Air Quality and Emissions Trends
Report (2000). Sites with complete data for 11
of the 13 years were selected. Missing quarterly
data were interpolated from adjacent quarterly
data, e.g., first quarter 1996 data were
interpolated from 1995 and 1997 first quarter
data. Missing quarterly means for 1990 or 2002
were assumed equal to adjacent quarterly
values. A valid quarterly mean was based on
eight valid weeks. Annual means were based
on data from four valid quarters.

CASTNet Data]:)aSe

The CASTNet database is available to the
public via EPA’s CASTNet data web page:
www.epa.gov/castnet/data.html. The web site

provides archives of the concentration and
deposition data in quote comma delimited
ASCII files compressed using the PKZIP
compression utility. Fully validated data are
generally available approximately ten months
following collection. Other documentation for
the network, including information about all
CASTNet sites, can be found at the CASTNet
home page: www.epa.gov/castnet/.

The different types of data are archived in
various tables. For example, continuous data,



found in the METDATA table, consist of the
following parameters:
€ temperature
€ difference in temperature between 2 and
9 meters
solar radiation
relative humidity
ozone
precipitation
scalar wind speed
vector wind speed
wind direction
standard deviation of the wind direction
within the hour
rate of flow through the filter pack
surface wetness

AR R

&

< ©

The CASTNet database contains archives

of continuous meteorolog‘ical, ozone, and
flow (lata, concentrations measured on
exposed filters, and MILM output of
hourly, Weelzly, quarterly, and annual (lry
(leposition fluxes.

Concentration data from the dry deposition
network, found in the DRYCHEM and
DRYCHEM_DAYNIGHT tables, consist of the
following analytes: SO%, NO;, NH,, Ca*’, Na",
Mg™, and K from the Teflon® filter, HNO,
and SO, (as SO?) from the nylon filter, and SO,
(as SO?) from the Whatman filters. These
concentrations are maintained as micrograms
per cubic meter (ug/m’).
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Tables containing output from the MLM
(VELHR, VELWK, VELQR, and VELAN)
hold simulated deposition velocities in
centimeters per second (cm/sec) for SO,,
HNO,, O,, and particles (SO}, NO;, and NH});
concentrations for the six analytes in pg/m’
(except for O, with units of ppb); and modeled
estimates of dry deposition for the six analytes
in kilograms per hectare (kg/ha).

SO, and NO. Emissions

SO, and NO, emission data were obtained for
Phase I and Phase II electric generating plants
for 1990 through 2002. Title IV of the 1990
CAAA established the Acid Rain Program,
which was designed to reduce emissions in two
phases. Phase I ran from 1995 through 1999
and required substantive emission reductions
from 435 large electric generating plants,
involving approximately 2,000 individual units
(DOE, 1997). Phase II began in 2000 and
includes more than 2,000 generating stations.

Figure 1-4 presents information on trends in
SO, and NO, emissions. The bars on the chart
represent emissions from Phase I and 11
generating stations over the period 1990
through 2002. The sharp decline in SO,
emissions in 1995 was a result of utility
compliance with Phase I of the Acid Rain
Program. The SO, and NO, data show an
overall slow decline in emissions over the last
five years.

SO, emissions in the eastern United States declined s}larply in 1995 as the result of utility
compliance with Phase I of the Acid Rain Program. Emissions have declined over the last three

years as emission reductions have been implemented at Phase 11 plants. NO, emissions remained

essentiauy constant over the 13-year period altl‘loug’h a decline has been observed over the last
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ive years.



SO, emissions and SO, and SOi
concentrations have declined sig’nificantly
over the period 1990 t}lroug’h 2002. SO,

concentrations track almost identically
with emissions from Phase I electric utility
units. SO’ concentrations also track

dosely.

Figure 1-5 presents information on state-by-
state total annual Phase I and Phase II utility
SO, emissions for 2002. NOy emissions are
presented in Figure 1-6.

States with the highest utility SO, emissions are
located along the Ohio River into Pennsylvania
and also include North Carolina, Georgia, and
Texas. High electric utility NOy emissions are
released from the same Ohio Valley states plus
Illinois, Tennessee, Alabama, Florida, and
Texas. The 34 eastern reference sites are
located in the region where heaviest emissions
take place (Figure 1-1).

Phase I and II utility SO, emissions by county
for 2002 are presented in Figure 1-7. The utility
emissions data were normalized by dividing the
emission rate by the county area in square
kilometers (km”). Several major sources are
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located in western Pennsylvania, Alabama, and
along the Ohio River and other major bodies of
water.

Combined Phase I and II area-weighted NOy
emissions by county are provided in Figure 1-8.
Major utility sources are located along the Ohio
River and in western Pennsylvania with
additional individual large units scattered
across the eastern United States.
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Figure 1-4. Trends in SO, and NO, Emissions for the Eastern United States
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Figure 1-5. Annual Utility SO, Emissions (Phase I and Phase II Plants, only) for 2002

2002 Annual Emissions by State
(thousand short tons)

[ 460to0 1,140
[J200to 460
[J 80to 200
[J 30to 80
[0 oto 30

Figure 1-6. Annual Utility NO, Emissions (Phase I and Phase II Plants, only) for 2002
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Figure 1-7. Annual Utility SO, Emissions (Phase I and Phase II Plants, only) for 2002 by County
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Figure 1-8. Annual Utility NO, Emissions (Phase I and Phase II Plants, only) for 2002 by County
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Note: A county with no shading indicates that either no electric utility plant operates in that county or no data are available.

Cl’]apfe’r* I | ntroduction



	Chapter 1
	Overview
	Network  Description
	Methods
	Field Operations
	Laboratory Operations

	Methods of Data Analysis
	Modeling Dry Deposition
	Deposition Flux Calculations and Aggregations

	Reference Sites Used in Trend Analyses
	CASTNet Database
	SO2 and NOx Emissions




